The long-term effects of sociodemographic and health characteristics on television viewing (TV) time changes have not been identified in adulthood. We aimed to examine the modifiable and non-modifiable determinants of changes in TV-time in young adults over 10 years. Methods: Participants (N = 2929) aged 24-39 years were recruited between 2001 and 2011 from the Cardiovascular Risk in Young Finns Study. Data were collected using questionnaires and a medical examination. The determinants of changes in TV-time were estimated using latent growth modeling for men and women separately. Results: For men, inverse associations with initial levels of TV-time were observed for students becoming employed and already has children, and direct associations were observed for both those who stayed a smoker and those who stayed overweight/ obese. Increasing attention to health habits was inversely associated with a slope of TV-time, whereas age and becoming unemployed were positively associated with the slope of TV-time. For women, inverse associations with the levels of TV-time were found for age, staying in non-manual work, and paying consistently high and increasing attention to health habits, and direct associations were found for staying unemployed, smoking and overweight/obese, and becoming employed, single and non-smoking. Increasing physical activity, becoming employed, motherhood, and normal weight were inversely associated with the slope of TV-time, whereas age and staying in non-manual work were positively associated with the slope of TV-time.
Evidence suggests that adults spent a considerable portion of their lives in sedentary leisure pursuits. 3, 4 However, the patterns and determinants of sedentary behavior are poorly understood across Europe, and thereby, a single strategy to decrease sitting is unlikely to be effective in all countries. [5] [6] [7] Understanding the barriers and facilitators of excessive sitting among adults is important to ensure the effectiveness of interventions and actions to reduce overall sedentary time.
Of the sedentary behaviors, excessive television viewing (TV) time has been shown to be directly associated with several cardiometabolic biomarkers 8, 9 and all-cause mortality. 10 There is evidence that nearly three quarters (73%) of Finns aged 10 and above still watch traditional TV daily. Daily TV watching, on average, has increased by approximately 10% from 167 minutes in 2004 to 184 minutes in 2014, particularly in adulthood. 11 Similar results have been found for long-term temporal trends of total screen time in Australian adults. 12 Although TV-time has been shown to track across youth 13 and into young adulthood [14] [15] [16] and early middle age, 17 little is known about the stability and changes that occur in the levels of TV-time and which specific factors influence changes in TV-time from young adulthood to early midlife. Owen et al 18 have presented an ecological model by which different determinants (eg, intrapersonal, interpersonal, environmental, and policy) may influence the domains of sedentary behavior. Some reviews have summarized the plurality of potential influences on sedentary behavior, including TVtime. [19] [20] [21] [22] Furthermore, few longitudinal studies have revealed the patterns and predictors of sitting time throughout adulthood, 23, 24 suggesting that several factors and life events (eg, male gender, higher education, full-time employment, staying obese, and consistently low physical activity levels, and changing jobs, retiring, or illness) contribute to high sitting levels. Divergent associations were identified for different aged groups for women. 25 In all of these studies, both total and prolonged sitting time were limited using subjective classification analysis, and the sample included participants with a wide range of ages. However, no studies have focused specifically on whether changes in TV-time would be substantially limited by long-term sociodemographic and health factors. Recently, we found that TV-time was relatively stable in adults for only three older age groups (18, 21 , and 24 years) and that it varied with age and gender over a 25-year period. 16 The Cardiovascular Risk in Young Finns Study (YFS) offers a unique opportunity to investigate determinants of changes in TV-time. Data have been collected three times in six age cohorts of young adults over 10 years through to early midlife. In the current study, we extend these findings to explore the long-term correlates of changes in TV-time in adult populations and to identify potential barriers and facilitators for implementation of these changes. Latent growth modeling (LGM) is a novel method that allows for the prediction of interindividual (between-person) variability in intraindividual (within-person) change over time. 26 The LGM method has been used to assess the association between changes in physical activity and changes in sedentary behavior during early adolescence. 27 We aimed to describe changes in TVtime in young adults during 2001-2011 and to examine potential modifiable and non-modifiable characteristics in relation to changes in TV-time for men and women separately. We hypothesized that advanced age, male gender, low socioeconomic status, no children, being single, smoking, physical inactivity, obese, and poor health habits would be independently associated with the intercepts (initial levels) and/or slopes (changes) of TV-time. This may enable important information to feed into the development of effective interventions with respect to reducing TV-time in the young adult population.
| METHODS

| Study sample
Data were obtained from the YFS, 28 an ongoing longitudinal population-based study consisting of six cohorts born in 1962, 1965, 1968, 1971, 1974, and 1977 . Children and adolescents who were 3, 6, 9, 12, 15, and 18 years of age at the start of the study in 1980 were randomly selected (N = 3596, 83%) from the five university cities with medical schools (Helsinki, Kuopio, Oulu, Tampere, and Turku) and their surrounding communities. The participants completed questionnaires and a medical examination across eight consecutive surveys between 1980 and 2011. For this study, we chose 2001 as the baseline because that was the year when TV-time was self-reported in all age groups. A sample of 1345 men and 1584 women aged 24-39 years participated in the 10-year follow-up. Ethics approval was obtained from the ethics committee of each of the five participating universities. All subjects gave written informed consent. 
| Television viewing time
TV-time during leisure time was measured using a single question, as previously described. 29 In one of our recent studies, TV-time was based on a sample that only included 18-, 21-, and 24-year-old participants in 1986. However, TV-time was not measured in the three youngest ages then. 16 In 2001, all six age groups of participants were asked to report how much time per day on average they spent watching TV. Thus, in this study, we used that data set to have a larger sample and to better interpret TV-time data. Daily TV-time was measured in minutes in 2001 and in hours in 2007. The TV-time in 2011 was recorded in minutes separately for weekdays and weekend, and the average daily TV-time was calculated as follows: (5 × weekday + 2 × weekend)/7. Although the TV measurements varied slightly across time, all of these were constructed to convert into a 1-hour increment of daily TVtime prior to analysis. Test-retest reliability coefficients of the TV-time values with 4-and 6-year intervals were more than 0.60. 16 We validated TV-time measurement of the questionnaire with waist circumference and body mass index (BMI), indicating that the increase in waist circumference and BMI was at least twofold in the high TV-time group compared to the low TV-time group (P < 0.05). 
| Determinants of changes in TV-time
In 2001 and 2011, occupation was divided into three categories on the basis of the criteria of the Central Statistical Office of Finland: manual (builders, metal workers, nannies, etc); lower non-manual (civil servants, specialized and skilled workers, etc); and upper non-manual (administrators, managers, academics, etc). Entrepreneurs were classified according to the level of their education as follows: entrepreneurs with low (≤9 years), intermediate (10-12 years) , and high (>12 years) levels of education into manual, lower non-manual, and upper non-manual categories, respectively. Changes in occupation were classified as staying in manual work (reference group included those who were manual workers initially and at follow-up), staying in non-manual work, becoming in non-manual work, and becoming manual work. Employment status was specified by categories: employed, full-time students, and others (part-time worker, housewife/husband, unemployed, disabled for work, and being in military service). Changes in employment status were classified as staying employed, staying unemployed, becoming employed, becoming unemployed, and student becoming employed. Marital status was divided into married (married, engaged, and cohabiting) and non-married (single, divorced, and widowed). Changes in marital status were classified as staying married/cohabiting, staying single, becoming single, and becoming married/cohabiting. We formed two categories from the number of children: having one child or more and having no child. Changes in having children were classified as already has children, no children, and becoming father/mother. Physical activity (PA) was measured through a questionnaire concerning the volume, frequency, intensity, and duration of PA. 30, 31 All items were first computed as the average index of PA ranging from 5 to 15 and then divided into two groups (low ≤ 8 scores and high > 8 scores). Changes in PA were classified as persistently low, persistently high, increasing, and decreasing. Smoking status was divided into three categories: smoker (once a day or more often), occasional smoker (once a week, but not daily, less often than once a week, and trying to give up or giving up), and non-smoker (never). Changes in smoking were classified as staying a non-smoker, staying a smoker, becoming a smoker, and becoming a non-smoker. BMI was calculated as weight (kg)/height (m 2 ) and divided into three groups:
normal weight (<25 kg/m 2 ), overweight (25-29.9 kg/m 2 ), and obesity (≥30 kg/m 2 ). Changes in BMI were classified as staying normal weight, staying overweight/obese, becoming overweight/obese, and becoming normal weight. Self-rated health habits were determined by asking each participant, "How much attention do you pay to keeping personal healthy habits?" The response alternatives were very much, much, hard to say, little, and very little, of which the first two categories were combined to form the attention category of "high" and the last three to form "low." Changes in attention to healthy habits were classified as consistently low, consistently high, increasing, and decreasing.
| Statistical analysis
Gender comparisons of all variables were assessed using t tests or chi-square tests. Latent growth modeling (LGM) was used to estimate the effects of long-term sociodemographic and health behavior characteristics (age, occupation, employment status, marital status, having children, smoking, PA, BMI, and attention to health habits) on the intercept and slope of TV-time from 2001 to 2011. Structural equation framework was applied to fit the growth model for men and women separately. Standardized regression coefficients reflecting the standardized mean differences between the categories of binary predictors were reported and interpreted as effect size measures. Effect size of 0.3 was considered small, 0.5 medium, and 0.8 large. 32 Analyses were conducted in May 2017 and performed using SPSS 20.0 for Windows (SPSS Inc, Chicago, IL) and Mplus 7 user's guide. 33 The significance level was set at P < 0.05.
Missing data were assumed to be missing at random (MAR) and were considered missing as a function of observed covariates and observed outcomes, 33 because exclusion of the missing data from the final analysis might have significantly reduced statistical power and could have led to biased estimation results. 34 Maximum likelihood with robust SEs was used to estimate means and parameters of the models and produce unbiased parameter estimates under MAR. The Satorra-Bentler scaled chi-square test, the comparative fit index (CFI), the Tucker-Lewis Index (TLI), the root-meansquare error of approximation (RMSEA), and the standardized root-mean-square residual (SRMR) were used to evaluate the goodness of fit of the models. The model fitted the data well if the P-value for the chi-square test was non-significant, CFI and TLI values were close to 0.95, the RMSEA value was below 0.06, and the SRMR value was below 0.08.
T A B L E 1
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3 | RESULTS
| Characteristics of participants
The mean level of TV-time was higher among men than among women in all three follow-up phases (Table 1) . A negative slope for TV-time was observed for both genders (all P < 0.01), but there was individual variation around it. Men were more likely to stay in manual work and to have no children and were less likely to divorce than women. Men were also more likely to stay a smoker and overweight/obese, and they paid consistently less attention to health habits than women. There were no significant gender differences in the change of employment status or PA.
| Determinants of the initial level and change in TV-time
In the age-adjusted models for men, most sociodemographic and health behavior characteristics had significant associations with the initial level and/or change of TV-time ( Table 2 
| DISCUSSION
This is the first study to investigate changes in TV-time over 10 years in six cohorts of Finnish adults. Sociodemographic and health behavior determinants of these changes were included. The study sought to identify long-term determinants of changes in TV-time in the course of sociodemographic and health behavior changes instead of relying on one single measurement during the adult transition period. Changes in adult TV-time may be seen as an accumulative process which eventually affects individual sitting behavior throughout their life span. For example, we found individual variation around a mean level of TV-time throughout the study period for both genders. Several sociodemographic and health behavior characteristics were independently and strongly associated with initial levels of and/or changes in TV-time.
Our results support the model suggested by Owen et al, 18 and these characteristics such as individual characteristics and social and physical environment factors would be related not only to 
T A B L E 2
F I G U R E 1 Path diagram of the adjusted latent growth models for men (A) and for women (B). Statistically significant regression coefficients
(SEs) were only given when controlling for age and mutually for all presented variables. Circles denoted latent variables, and squares denoted observed variables. Explanatory variables were allowed to be correlated. *P < 0.05, **P < 0.01, and ***P < 0.001 TV-time history but also to current TV-time, specifically long-term TV-time across adulthood. There is evidence that male gender and older age are associated with higher TV-time levels. 19 Similar to the findings of Burton et al, 19 we found that men were more likely to report higher TV-time than did women, and the magnitude of gender difference effects on TV-time was a significant continuity from young adulthood to early midlife. Older men and women were more likely to report high TV-time level as they became older and this was especially evident in the transition between young adulthood and early midlife. It should also be noted that the levels of TV-time might vary during the transition period. The results also revealed some determinants of changes in TV-time for women only (eg, staying in non-manual work, staying single, and increased PA), although these associations were weak significant. This may contribute to a growing body of the literature examining associations between gender, age, and TV-time over time. Our results suggest that an increase in the average age of men and women is more important to the development of TV-time than the initial level of TV-time, particularly in women. It is noteworthy that with apparent gender differences in TV-time during adulthood, separate analyses for women and men are warranted to help develop gender-specific TV-time interventions. Our findings may have implications for understanding employment changes in the development of TV-time. Unemployment is associated with higher TV-time in many cross-sectional studies, [19] [20] [21] [22] and notably, many of these studies find that associations between unemployment and TVtime are consistent in both genders. Our results indicated that women who stayed unemployed had a higher initial level of TV-time and men who became unemployed had a higher slope of TV-time when compared to their stayed employed counterparts. This suggests that short-or long-term unemployment may not only increase current TV-time but also maintain high TV viewing over time in either gender. Interestingly, the transition to employment was found to be a significant determinant of TV-time. It is possible that becoming employed contributes to the reduction of TV viewing over time in both genders. In line with previous systematic reviews, [19] [20] [21] [22] men and women who stayed overweight/obese had a higher initial level of TV-time than those who stayed normal weight, as did those who stayed a smoker compared to those who stayed a non-smoker. For women, having past smoking experience was associated with a higher TV-time at the initial assessment point. Our findings indicate that those who stayed a smoker and overweight/obese may spend more TV-time during young adulthood and accordingly merit attention for behavior change. Furthermore, already has children was shown to be a protective factor against prolonged TV-time.
T A B L E 3
Although Finnish women continue to take greater responsibility for caring for their children, men also share domestic chores in the family, which can be seen in a significant reduction in TV-time for both young parents. Our results also highlight the importance of attention to healthy habits. Maintaining and increasing attention to healthy habits were inversely associated with the initial level of TV-time in women, while it was inversely associated with the slope of TV-time in men. This may mean that both men and women who perceived themselves to have healthy habits would respond more favorably to descriptions of healthy lifestyles. This was supported by our findings that staying a non-smoker and staying normal weight were inversely associated with higher prevalence of TV-time. A possible explanation is that reducing TV-time may enhance body awareness and may lead adults to pay more attention, for instance, to dietary habits and PA as having a positive impact on health and well-being. A greater awareness of sedentary lifestyles, and the risk these pose for weight gain and other health risks, may also be a factor.
In the final LGM regression analysis, the associations of some socioeconomic and health factors with changes in TV-time for both genders disappeared after adjusting for the other covariates. The association is explained by the fact that these factors mutually influence and interact with one another over time to produce TV-time. For example, unemployment may affect both unhealthy behaviors and prolonged TV-time. Unemployed adults may be more likely to smoke regularly or gain weight, which, in turn, could increase daily TV-time. On the other hand, unemployment may contribute to the amount of prolonged TV-time and unemployed adults are more willing to maintain smoking and to eat unhealthy foods. Therefore, TV-time variation may partly be explained by the combination of covariates.
The strengths of the present study include its prospective study design with three measurements over a 10-year period, a representative population-based sample covering six birth cohorts, and various potential long-term determinants. This allowed us to use a LGM approach to analyze the intercepts and slopes of TV-time from young adulthood to early midlife and to offer the possibility of identifying major factors for changes in TV-time, resulting in substantial reductions in the misclassification bias. However, several potential limitations should also be considered. First, men and women at the group level tended to decrease in TV-time during the 10-year period. This may be due to a single-item self-report question tapping using a slightly different data collection method (hour vs minute and the average daily TV-time in 2001/7 vs the average daily TV-time for weekdays and weekend in 2011) across the three occasions, thus resulting in an underestimate of the relative stabilization of TV-time because of social desirability bias. 36 To focus precisely on the specific time to watch TV at each phase, minor modification is necessary because of the possibility of differences in TVtime over the years. Despite this, the tracking coefficients of TV-time have been shown to be parallel to the correlation coefficients during the adult transition. 17 This means that the latent variable of TV-time can be measured using a single question in a slightly different way. Second, as the participants' ages ranged from 24 to 49 years (ie, from young adulthood to early middle age) in the present study, the results may not be generalized to the older population (≥50 years). Although our results indicate that changes in sociodemographic and health behavior characteristics are associated with the initial level and development of TV-time in a relatively young segment of the population, these findings do not rule out the possibility that non-differential misclassification bias may lead to an underestimation of the true association between exposure and outcome. In addition, it should be noted that the study included only TV-time during leisure time as a measure of screen time but did not capture other domains (eg, movies, video games, computer uses, tablet devices and smartphones). However, TV-time during leisure time remains the most common and highly prevalent (90%) in the Finnish population until 2011, and one in three Finns has used computers. The number of tablet and smartphone users has increased in recent years. 37 Future studies should take into account a broad range of sedentary behaviors assessed by both self-report and accelerometry. Finally, the study was conducted with predominantly homogeneous Finnish samples of highly educated adults with a high level of occupational sitting time. Thus, the results cannot be generalized to other populations, especially those with low socioeconomic status or with substantial ethnic differences.
| PERSPECTIVE
This study provides insight into the modifiable and nonmodifiable determinants of TV-time in a large populationbased cohort of Finnish adults with 10 years of follow-up. It also highlights the important role that a range of changes in sociodemographic and health behavior characteristics can influence the TV-time of young adults and their subsequent behavior in early midlife. The results imply that several gender-specific determinants of changes in TV-time can help identify potential targets for social and health behavioral interventions to prevent excessive TV in adulthood.
